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The data reported show that heavy-atom substitution on matrices that are used for matrix-as- 
sisted laser desorption-ionization mass spectrometry enhance [M + HI* ion yields of both 
Leu-enkephalin and vitamin B,,. Heavy-atom substitution alters the excited state relaxation 
dynamics of the matrices as indicated by measured decreases in the measured luminescence 
(fluorescence and/or phosphorescence) observed for heavy atoms that contain matrices 
relative to the nonheavy-atom-substituted matrices. The results presented are consistent with 
the direct involvement of an electronically excited state of the matrix in the formation of 
analyte [M -t HI+ ions. (1 Am Sot Mass Spectrom 1994, 5, 800-806) 
S uccessful ionization of any analyte by matrix-as- sisted laser desorption-ionization (MALDI) [ 1,2] requires the proper choice of matrix, laser wave- 
length, matrix-to-analyte (M-A) ratio, and other exper- 
imental parameters. The method of choosing the ma- 
trix is guided by the simplest of empirical considera- 
tions, that is, that the organic matrix must absorb at 
the wavelength of the desorbing laser. However, be- 
cause the desired result from the MALDI experiment 
is the production of an ionic form of the intact analyte, 
the matrix also must be capable of promoting electron 
transfer, proton transfer, or cation attachment to the 
analyte. Although several models for the desorption 
[3-6] and ionization [7-101 processes involved in 
MALDI have been proposed, numerous questions 
about the mechanism of ion formation remain unan- 
swered. One question of particular interest is the role 
of the matrix in MALDI. In the simplest terms the 
matrix serves two purposes: 
1. The matrix provides a means for direct energy de- 
position into the matrix-analyte solid via photon 
absorption. 
2. The matrix provides a source of protons to form the 
[M + HI+ ion of the analyte. 
Experiments by Levis and Roman0 [ll, 121 suggest 
that desorption and ionization are separate processes, 
that is, the analyte can be volatilized as an intact 
neutral via photon absorption by the matrix. Speir and 
Amster [13] also have shown that conditions can be 
tailored to promote desorption of neutral peptides by 
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using the same matrices that are used to produce ions. 
Specifically, Speir and Amster showed that segregation 
of the matrix and analyte in the solid state facilitates 
the desorption of the neutral analyte. 
Because analyte [M + HI+ ions are formed by a 
proton transfer reaction that involves the matrix and 
analyte, we argue that the best framework to describe 
the formation of positive ions is in terms of an 
acid-base reaction, where the matrix acts as a proton 
donor and the analyte acts as a proton acceptor. Our 
working hypothesis for ion formation in MALDI is that 
LJV photon absorption produces excited state “acidic” 
matrix species [designated (matrix)*] that undergo 
proton transfer to a “basic” analyte to form [M + H]+ 
ions [9]. This hypothesis is supported by the fact that 
MALDI matrices (for a review of MALDI matrices, see 
[14]), for example, 4-nitroaniline and sinapic acid, are 
generally aromatic amines or alcohols that are known 
to be more acidic in the excited state than in the 
ground state 115-171. Although electronically excited 
states of a matrix can relax rapidly by radiative and 
nonradiative pathways (internal conversion, intersys- 
tern crossing, and/or proton transfer [la, 19]), strongly 
coupled matrix-analyte interactions (specifically hy- 
drogen bonding) may facilitate proton transfer on the 
time scale of radiative relaxation (lo-’ s). It should be 
emphasized that (matrix)” does not have to be the S, 
excited state of the matrix. Vibrationally excited ground 
state species (formed by internal conversion) or triplet 
states (formed by intersystem crossing) [20] could lead 
to proton transfer on the 10v6- [sampled by time-of- 
flight (TOF) instruments] or 10-“-s [sampled by 
Fourier-transform ion cyclotron resonance (FTICR)] 
time scale. Isotopic labeling experiments could provide 
valuable insight about the specific proton transferred 
[Zl]; however, the proton(s) of acidic or basic func- 
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tional groups (NH,, OH, COOH) are highly labile and changes in spot size. The laser beam is focused to a 
subject to rapid exchange that could mask the desired line of approximately 3.0 X 0.5 mm on the probe tip 
information. surface at a 50” incident angle. Focusing is achieved by 
Mechanisms that involve reactions other than ex- using a spherical lens (l-m focal length) to collimate 
cited state proton transfer have been invoked to ex- the 337-1-m laser beam and a spherical lens (200-mm 
plain MALDI. Ehring et al. [B] proposed a radical focal length) to obtain the final narrow line. The laser 
cation as the initiator for proton transfer reactions, and power density used in these experiments, calculated 
Wang et al. [lo] proposed that proton exchange takes from energy measurements taken with a Vector D200 
place from a “photochemically activated” matrix to (Scientech, Boulder, CO) energy meter, is approxi- 
the analyte to produce [M + H]+ ions. Chiarelli et al. mately 10h W/cm’. 
[7] reported evidence that suggests that excited state 
proton transfer as a solid-state ionization mechanism is 
aunlicable to both laser desorotion-ionization of small MALDI Sample Preparation 
11 1 
organics as well as MALDl. Although other groups Vitamin B,, and Leu-enkephalin were purchased from 
have suggested the involvement of excited state proton 
transfer reactions in gas-phase ion chemistry [7, 221 
and ionization processes, none of these studies has 
attempted to correlate excited state relaxation dynam- 
ics with the MALDI mass spectrometry experiment. 
One means to test the involvement of excited state 
processes in MALDI is to perturb the excited state 
chemistry of a matrix and observe the effect on analyte 
[M + HI + ion yield. Heavy-atom substitution (Br, I, 
Cl, F) of aromatic organic molecules is known to alter 
excited state relaxation dynamics by promoting inter- 
system crossing to form triplet species 123, 241. The 
experiments described herein use matrix pairs (two 
structurally similar aromatic compounds: one with a 
heavy-atom substituent and one without) to probe the 
correlation between matrix relaxation dynamics [as 
illustrated by measured changes in matrix lumines- 
cence (fluorescence and/or phosphorescence)] and 
MALDI analyte [M + HI+ ion yields. 
Experimental 
Mass Spectromety 
A 1.0-m linear time-of-flight mass spectrometer, de- 
signed and built in this laboratory, is used for the 
MALDI experiments. The ion source and acceleration 
region consists of three acceleration plates and two sets 
of steering electrodes. The first plate is biased at + 10 
kV and the second and third plates are held at ground. 
Ions are detected by using a standard dual microchan- 
nel plate detector biased at - 2.25 kV and positioned at 
the end of the 1.0-m flight tube. The transient ion 
signal is collected by a 50-a impedance-matched 350- 
MHz oscilloscope (LeCroy 9420, LeCroy, Chestnut 
Ridge, NY) that is interfaced to a microcomputer. 
Time-of-flight mass spectra are calibrated and ana- 
lyzed with the GRAMS386 commercial software pack- 
age (version 1.04 from Galactic Industries Corp.). 
A Laser Fhotonics sealed-cartridge nitrogen laser 
(337-nm output, Model LN300) is used to generate 
ions. The laser has a 5-ns pulse width and is operated 
at a repetition rate of 4 Hz. Laser power is controlled 
with a mechanical iris and is kept constant throughout 
all experiments to minimize power fluctuations due to 
Sigma Chemical (St. Louis, MO) and used without 
further purification. The organic compounds 2-bromo- 
4,&dinitroaniline, 4-hydroxy-3-nitrobenzoic acid, 5- 
iodosalicylic acid, 5-bromosalicylic acid, 5-chloro- 
salicylic acid, 5-fluorosalicylic acid, salicylic acid, 
2,4-dihydroxybenzoic acid, 2,4_dinitroaniline, and 5- 
bromo-2,4_dihydroxybenzoic acid monohydrate were 
purchased from Aldrich Chemical Co. (Milwaukee, 
WI). 4-hydroxy-3-iodo-5-nitrobenzoic acid was pur- 
chased from Sigma Chemical Co. (St. Louis, MO). 
These compounds were used as MALDI matrices with- 
out further purification. All matrix solutions were pre- 
pared in methanol at a concentration of 0.11 M. Ana- 
lyte solutions were prepared at a concentration of 0.93 
mM in methanol. 
The MALDl samples were prepared by first coating 
the sample probe tip with 2 PL of a 5-mg/mL solution 
of nitrocellulose (purchased from Schleicher and 
Schuell). Nitrocellulose was used to improve the repro 
ducibility of MALDI analyte ion yields [25]. The thin 
film of nitrocellulose was dried and 3 PL of premixed 
(50:50 v/v) matrix and analyte solution were de- 
posited onto the sample probe tip and allowed to air 
dry. The optimum M-A ratio obtained by using both 
the heavy-atom-substituted and nonsubstituted matri- 
ces was approximately 12O:l for Leu-enkephalin and 
vitamin B,,. This value was determined by testing a 
number of M/A ratios (2O:l -+ 2000~1) and selecting 
the one that produced the highest abundance of [M + 
HI’ analyte ions for each matrix. All reported spectra 
are the result of averaging ion signals from 100 laser 
shots. 
Absorption and Luminescence Measurements 
Absorption spectra (245-550 nm) were acquired with a 
Lambda 3b Perkin-Elmer (Norwalk, CT) spectropha 
tometer. 10 ,uL of a matrix solution (0.11 M in 
methanol) was deposited onto the interior of a l-cm 
methacrylate cuvette. A methacrylate cuvette was used 
because it is transparent in the range of wavelengths 
being scanned. Absorption spectra (245-600 nm) were 
acquired from the resultant dry thin film. The fully 
illuminated area of each matrix thin film was approxi- 
mately 1.0 X 1.0 cm. 
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Luminescence spectra were acquired with an SLM 
Aminco (SLM Instruments, Inc., Urbana, IL) 8000 fluo- 
rometer. Thin films of the matrix compounds were 
prepared by depositing 10 PL of a 0.11-M methanol 
solution onto a O.l-mm-thick methacrylate slide. The 
slide was then inserted diagonally into a methacrylate 
cuvette and placed in the fluorometer’s sample holder 
for subsequent spectral acquisition. A background 
fluorescence spectrum was taken with an uncoated 
methacrylate slide in place, and the background spec- 
trum was subtracted from each matrix emission spec- 
trum. The illuminated area of each thin film was ap- 
proximately 1.0 X 1.0 cm. The excitation was manually 
set at 4-nm spectral line width. The excitation wave- 
length used for the measurements was 337(+4) nm. 
The luminescence signal was measured at the A,,, 
emission for each matrix studied. 
Calculations of Matrix Acidifies 
Semiempirical calculations were performed with 
MOPAC version 6.0 (Cache Worksystem 3.0, Cache 
Scientific, Beaverton, OR) on a Macintosh (Apple Com- 
puter Co., Inc., Cupertino, CA) Quadra 900. Starting 
geometries were obtained with the Molecule Editor 
program incorporated in the Cache Worksystem. Cal- 
culations were performed with the standard PM3 pre 
gram based on the restricted Hartree-Fock method. 
Geometries were optimized by using analytical gradi- 
ents, and the search was terminated when the change 
in energy upon successive iterations was less than 
1 x 10P9 kcal/mol. The heats of formation (enthal- 
pies) of the heavy-atom-substituted salicylic acids and 
their corresponding anions were calculated for the 
ground (S,) and first excited 6,) states. The calculated 
energy difference between the neutral and correspond- 
ing anion is referred to as the enthalpy of proton 
transfer or AH. The AH is proportional to the Gibbs 
free energy of reaction (AG), and thus proportional to 
pK,, because the contribution of AS is small. Calcula- 
tions were performed with full optimization of all 
geometrical variables (bond lengths, bond angles, and 
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dihedral angles) with no symmetry constraint. The 
conformation with the lowest energy was selected as 
optimum. 
Results 
In initial attempts to measure absorbance and lumines- 
cence of matrix films, quartz cuvettes were used; how- 
ever, the thin films prepared on quartz dried unevenly 
and either developed cracks or peeled. It was found 
that films produced on methacrylate were much more 
uniform in thickness and gave reproducible ab- 
sorbance and luminescence results. Table 1 contains 
solid-phase absorption and measured luminescence 
(unresolved fluorescence and phosphorescence) data 
compiled from four replicate runs for each matrix thin 
film on methacrylate. The tabulated data include aver- 
age measured absorbance at 337 run (the wavelength 
of the N, laser used in the MALDI experiments), 
average measured luminescence (by using 337-nrn ex- 
citation), and the average percent decrease in lumines- 
cence observed for the heavy-atom-substituted com- 
pound relative to the corresponding unsubstituted 
compound. The standard deviation for each value is 
listed as well. We have attempted to maintain the 
surface area and amount of matrix constant by apply- 
ing the same volume of each matrix solution to the 
methacrylate cuvette or slide. It is not, however, the 
purpose of this study to provide a quantitative mea- 
surement of the solid-state absorbance and lumines- 
cence of the matrices studied, but to illustrate the 
quafitutive trends. Additional absorption and lumines- 
cence experiments were performed where analyte was 
added to the matrix solutions prior to deposition on 
the methacrylate cuvette or slide. No detectable dif- 
ference (within experimental error) was observed in 
the absorption and emission spectra of the matrix films 
to which analyte was added. 
Comparison of the measured absorbance of the ma- 
trix pairs at 337 run (Table 1) shows considerable 
variation. Measured luminescence intensities also vary 
widely among the different compound classes (e.g., 
Table 1. Comparison of absorption and luminescence spectral data from heavy-atom-substituted and nonsubstituted matrices 
(excitation wavelength = 337 nm) 
Absorbance Measured Lum. Decrease with 
Matrix t337 nm) Luminescence Heavy-Atom Subs. (%I 
4-Hydroxy-3-nitrobenzaic acid 0.36(+0.07) 3150( f 207) 
4.Hydroxy-3.iodo-5-nitrobenzoic acid 0.14(*0.03) 2222( f 1491 29(+3) 
2,4-Dinitroaniline 0.42(+0.05) 2207( + 329) 
Z-Bromo-4,6-dinitroaniline 0.40(+0.05) 17361 k 180) 21(+4) 
2.4.Dihydroxybenzoic acid 0.02( + 0.006) 5660(?724) 
5-Bromo-2.4-dihydroxy-benzoic acid 0.04( * 0.003) 2845( + 762) 50( + 15) 
Salicylic acid 0.05( f 0.009) 5960(*327) 
5.Fluorosalicylic acid Not measured 58091 f 4601 31*0.3) 
5-Chlorosalicylic acid Not measured 5232(i610) 12ik1.4) 
5-Bromosalicylic acid Not measured 2627( k 1380) 56(130) 
5-lodosalicylic acid 0.27ff0.05) 872( & 350) 85(&34) 
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Table 2. Comparison of Leu-enkephalin ion signal 
observed by using heavy-atom-substituted 
4-Hydroxy-3-nitro-benzoic acid 
4-Hydroxy-3-iado-5-nitrobanzoic acid 
5-Bromo-2.4.dihydroxy-benzoic acid 
0.04( f 0.01) 
0.34( f 0.02) 
0.82(~0.21) 
2.20(+0.52) 
0.05( f 0.021 
200 4w 6cQ ‘[M + HI+ ion yield is based on peak area (units are in millivolts 
* = M&x and Backgrourd t5saw.K over time) 
Ions 
Figure 1. Positive ion MALDI mass spectra of Leu-enkephalin 
obtained (a) with 4-hydroxy-3-iodo-5-nitrobenzoic acid and (b) 
with 4-hydroxy-3-nitrobenoic acid. Peaks labeled with an aster- 
isk are matrix ions. The matrix-to-analyte ratio (M-A) with both 
matrices is 120~1. Conditions: V,,, = 10 kV; spectra averaged 
over 100 laser shots. The scale for the y-axis of spectrum (a) and 
spectrum (b) is the same. 
nitro-aromatic versus carboxylic acid-aromatic), but 
in all cases addition of a heavy-atom (bromine or 
iodine) resulted in a significant decrease in the mea- 
sured luminescence. There is no corresponding correla- 
tion for absorption data. 
Figure 1 contains MALDI mass spectra of Leu-en- 
kephalin obtained by using 4-hydroxy-3-iodo-5-nitrcl 
benzoic acid and 4-hydroxy-3-nitrobenzoic acid as ma- 
trices. The Leupenkephalin [M + HI+ ion yield 
(calculated by using integrated peak areas) is about 
five times greater with the use of the iodo-substituted 
matrix than with 4-hydroxy-3-nitrobenzoic acid. Com- 
parisons of Leu-enkephalin [M + HI+ ion yield were 
made for three other pairs of heavy-atom-substituted 
and nonsubstituted matrices. Table 2 contains data for 
the Leupenkephalin [M + H]* ion yields obtained by 
using these compounds, as well as the estimated stan- 
dard deviation in ion yield, calculated from multiple 
sets of data. Note that the heavy-atom compounds 
consistently produce a greater Leu-enkephalin [M + 
H]+ ion yield than the nonheavy-atom-substituted 
compounds. 
Leupenkephalin was chosen as the probe analyte, 
rather than a larger species, to allow complete resolu- 
tion of the [M + HI* ion from any adduct or matrix 
ions. In particular, we wanted to verify that the changes 
in ion yield actually corresponded to a change in the 
abundance of the [M + HI+ ion as opposed to changes 
in the abundances of the [M + Na]+, [M + K]+, and/or 
[M + matrix adduct]+ ions. The mass resolution of the 
linear TOF mass spectrometer used in these experi- 
ments is not sufficient to resolve the [M + H]+ ion of 
higher molecular weight analytes (e.g., myoglobin) 
from adduct ions. Note, however, that there is an 
enhancement of total analyte ion yield for myoglobin 
obtained by using heavy atom matrices. For example, 
the ion yield for myoglobin obtained by using 4-hy- 
droxy-3-iodo-5-nitrobenzoic acid is approximately 1.5 
times greater than that observed by using 4hydroxy- 
3-nitrobenzoic acid. 
MALDI mass spectra of vitamin B,, also were ob- 
tained by using the same series of matrix compounds. 
Figure 2 contains MALDI mass spectra of vitamin B,, 
acquired by using 4-hydroxy-3-iodo-5-nitrobenzoic acid 
and 4-hydroxy-3-nitrobenzoic acid. The spectra from 
both matrices contain signals at m/z 1356 ([M + HI+), 
1329 ([M + H-CN]+), and 971 (loss of CN, base, 
sugar, and phosphate groups from the vitamin ES,,). 
The relative abundance of these ions differs substan- 
tially depending upon the matrix [26]. The m/z 971 
fragment ion is the dominant ion in the spectrum 
obtained by using 4-hydroxy-3-nitrobenzoic acid, 
whereas the dominant ion in the spectrum taken by 
using 4-hydroxy-3-iodo-5-nitrobenzoic acid is the IM 
+ H] + ion. Another difference in the two spectra is the 
overall amount of fragmentation observed. The spec- 
trum acquired by using the iodo-substituted matrix 
contains little fragmentation beyond the ions at 971 
a 
I! #/,’ K+ [M + H]+ , Na+ [M+H-CN]+ 1 / 
500 lb00 lha 
* = matrix ions Madi? 
Figure 2. Positive ion MALDI mass spectra of vitamin B,, 
obtained (a) with Phydroxy-3-iodo-5-nitrobenzoic acid and (b) 
with 4-hydroxy-3-nitoic acid. Peaks labeled with an aster- 
isk are matrix ions. The matrix-to-analyte ratio (M-A) with both 
matrices is 12O:l. Conditions: V,,, = 10 kV; spectra averaged 
over 100 laser shots. The scale for the y-axis of spectrum (a) and 
spectrum (b) is the same. 
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and 1329 u, whereas the spectrum acquired with the 
nonsubstituted matrix contains abundant fragment ions 
in the region below 971 u. Similar fragment ions are 
observed for vitamin B,, by using ‘“Cf-plasma de- 
sorption mass spectrometry [27] and Cs+ ion sec- 
ondary ionization mass spectrometry (by TOF [ 281 and 
Fourier-transform ion cyclotron resonance (FTICR) [29, 
301). We also examined the laser power dependence for 
the analyte [M + H]+ ion yield versus fragmentation 
for the heavy-atom matrices. Even at laser powers an 
order of magnitude greater than threshold, the abun- 
dance of the vitamin B,, fragment ions obtained by 
using 4-hydroxy-3-iodo-5-nitrobenzoic acid is much 
less than that obtained by using a-cyano-4-hydroxy- 
cinnamic acid 1261. 
Table 3 lists the vitamin E,, [M + HI+ ion yield 
obtained by using each of the heavy-atom and non- 
heavy-atom matrices. The heavy-atom matrices consis- 
tently yield a greater abundance for the [M + HI+ ion 
than the nonsubstituted matrices. Note that for the 
salicylic acid derivatives the measured luminescence 
(Table 1) decreases as the mass of the heavy-atom 
substituents increases, whereas the vitamin B,, [M + 
HI+ ion yield increases. 
Discussion 
The most important observation from this study is the 
correlation between MALDI analyte ion yield and 
changes in measured luminescence (and therefore re- 
laxation dynamics) of the heavy-atom-substituted and 
nonsubstituted matrix pairs. Incorporation of a heavy 
atom into the matrix promotes intersystem crossing 
[e.g., singlet to triplet transitions (S, + T,)]. Such a 
decay route could affect MALDI ion yields in two 
ways: 
1. If proton transfer occurs exclusively from S,, then 
the MALDI ion yield-specifically [M + HI* ion 
yield-would decrease upon heavy-atom substitu- 
tion of a matrix. 
Table 3. Comparison of ion signal observed for vitamin B12 
using heavy-atom-substituted and nonsubstituted matrices 
Matrix 
[M + HI+ Ion 
Yield” 
4-Hydroxy-3-nitro-benzoic acid 0.02(10.006) 
4.Hydroxy-3.iodo-5.nitrobenzoic acid 0.67(kO.O64) 
Salicylic scid 0 
5-Fluorosalicylic acid 0 
5-Chlorosalicylic acid 0.01i10.0031 
5-Bromosalicylic acid 0.03~*0.0071 
5-lodosalicylic acid 0.05(+0.0091 
2,CDinitroaniline 0 
2-Promo-4,6-dinitroaniline 0.29(+0.042) 
2.4-Dihydroxybenzoic acid 0 
5-Promo-2,4-dihydroxy-benzoic acid 0.15lkO.0421 
2. If proton transfer occurs from either S, or T,, but is 
dependent on the lifetime of the excited state, then 
heavy-atom substitution would increase analyte [M 
+ HI+ ion yield because of the longer lifetime of 
the triplet state. 
One important question to address is whether the 
increased [M + HI+ ion yield observed for heavy- 
atom- versus nonheavy-atom-substituted matrices is 
because of changes in the absorbance at 337 nm. That 
is, do matrices that absorb more strongly at 337 nm 
result in a greater analyte ion yield? If this were true, 
4-hydroxy-3-nitrobenzoic acid should produce a greater 
abundance of [M + HIi ions than 4-hydroxy-3-iodo- 
5-nitrobenzoic acid. However, the Leu-enkephalin [M 
+ HI+ ion yield is five times greater by using 4-hy- 
droxy-3-iodo-5-nitrobenzoic acid than for 4-hydroxy- 
ktitrobenzoic acid (see Table 2). Clearly, there appears 
to be no correlation between [M + HI* ion yield and 
matrix absorbance at 337 nm. In a separate study we 
measured laser energy thresholds for MALDI ion pre 
duction for several matrices (e.g., a-cyano+hydroxy- 
cinnamic acid, 4-nitroaniline, and ichydroxy-Gmethyl- 
coumarin) and found that the threshold for ion pro- 
duction does not correlate with absorbance at 337 nm 
(Preston-Schaffter, L. M.; Russell, D. H., manuscript in 
preparation). Our current investigations are focused on 
determining matrix characteristics other than absorp- 
tion (e.g., fluorescence, matrix-analyte interactio&) 
that play a role in determining the MALDI threshold. 
The decreased luminescence intensity observed for 
the heavy-atom-substituted matrix compounds is con- 
sistent with the view that the S, state is depopulated 
by nonradiative processes, possibly intersystem cross- 
ing [23,24]. We argue that decay of the nonheavy-atom 
S, species can follow two routes: (1) radiative decay 
(primarily fluorescence) and (2) nonradiative decay 
(internal conversion and/or proton transfer). For pro- 
ton transfer to be competitive with fluorescence it 
must take place on a time scale comparable to the 
excited state lifetime. The observation by Chiarelli et 
al. [7] that salicylic acid has a longer fluorescence 
lifetime than p-hydroxybenzoic acid and more readily 
undergoes excited state proton transfer is consistent 
with this idea. Proton transfer on the nanosecond time 
scale requires intimate contact between the matrix and 
analyte (e.g., direct interaction via hydrogen bonding) 
prior to photoexcitation. This suggestion is consistent 
with Beavis and Bridson’s [311 model of inclusion of 
the analyte in the matrix crystal lattice, that is, MALDI 
requires intimate contact between the matrix and ana- 
lyte. Alternatively, the probability of proton transfer 
might be increased if the lifetime of the “photochem- 
ically activated” matrix, (matrix)*, were extended. This 
latter mechanism would be achieved by promoting 
intersystem crossing of (matrix)* to the triplet mani- 
fold (S, --) T,) [32] and would explain the observed 
decrease in measured luminescence and increased ana- 
lyte {M + HI+ ion yields obtained when heavy-atom 
matrices are used in MALDI. However, regardless of ‘Vitamin .Q IM + HJf ion yield based on calculated peak area (units are in millivolts over time). 
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the specific mechanism for ion formation, the correla- 
tion between changes in relaxation dynamics of matri- 
ces (as measured by changes in measured lumines- 
cence) and analyte [M + HI+ ion yields is consistent 
with the involvement of excited state processes in 
MALDI. 
Another factor to consider is whether heavy-atom 
substitution changes the acidity of the matrix com- 
pound. MOPAC semiempirical calculations were used 
to estimate the ground and excited state acidities of 
unsubstituted and heavy-atom-substituted salicylic 
acid matrices. On the basis of these calculations, we 
conclude that heavy-atom substitution does not cause 
a significant change in the acidities of the S, or S, 
states of aromatic alcohols, which is consistent with 
data reported by Ireland and Wyatt [16]. That is, the 
polarization of these compounds is dominated by the 
strong electron-releasing or -withdrawing groups such 
as -NH,, -OH, -NO,, or -COOH substituents 
[33] and the heavy-atom substituents have very little 
effect on the gas-phase acidities. 
on MALDI analyte ion yields and suggest that future 
studies that examine other aspects of matrix structure 
(e.g., acidity) may lead to further insight into the 
mechanism of ion formation. The information obtained 
from these types of studies could be further enhanced 
by time-resolved luminescence studies (separating 
phosphorescence from fluorescence) and more detailed 
probes of the role of excited state processes in MALDI. 
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“tuned” by judicious choice of the matrix. Additional 
studies with the heavy-atom matrices are under way. 
These studies focus on energy transfer between the 
matrix and analyte and the possible additional role of 
internal conversion in the energy transfer process. 
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